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Description 



[METHOD FOR REDUCING AMINE BASED 

CONTAMINANTS] 

Cross Reference To Related Applications 

[0001] This Application claims priority to U.S. provisional appli- 
cation serial no. 60/429,828, filed on November 27, 

2002, which is incorporated herein in its entirety. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhe invention generally relates a semiconductor device 
and method of manufacture and, more particularly, to a 
semiconductor device and method of manufacture which 
reduces the occurrence of resist poisoning. 

[0004] Background Description 

[0005] jo fabricate microelectronic semiconductor devices such 
as an integrated circuit (IC), many different layers of metal 
and insulation are selectively deposited on a silicon wafer. 
The insulation layers may be, for example, silicon dioxide, 



silicon oxynitride, fluorinated silicate glass (FSG), carbon 
doped, silicon dioxide or organosilicad glass (OSG) and 
the like. These insulation layers are deposited between the 
metal layers, i.e., intermetal dielectric (IMD) layers, and 
may act as electrical insulation therebetween or serve 
other known functions. These layers are typically de- 
posited by any well known method such as, for example, 
plasma enhanced chemical vapor deposition (PECVD), 
chemical vapor deposition (CVD) or other processes. 
[0006] The metal layers are interconnected by metallization 

through vias etched in the intervening insulation layers. 
To accomplish this, the stacked layers of metal and insu- 
lation undergo photolithographic processing to provide a 
pattern consistent with a predetermined IC design. Byway 
of example, the top layer may be covered with a photo re- 
sist layer of photo-reactive polymeric material for pat- 
terning via a mask. A photolithographic process using ei- 
ther visible or ultraviolet light is then directed through the 
mask onto the photo resist layer to expose it in the mask 
pattern. An antireflective coating (ARC) layer such as 
PECVD SiON or spin on coating materials may be provided 
at the top portion of the wafer substrate to minimize re- 
flection of light back to the photo resist layer for more 



uniform processing. The spin on ARCs may include AR- 
14™ (manufactured by Shipley Company, LLC of Marlbor- 
ough, MA) or sacrificial light absorbing material 
(hereinafter referred generally as SLAM). 
[0007] jo f orm v j aSj f or example, etching may be used to con- 
nect the metal layers deposited above and below the insu- 
lation or dielectric layers. The etching may be performed 
by anisotropic or isotropic etching as well as wet or dry 
etching, i.e., RIE (reactive ion etching), depending on the 
physical and chemical characteristics of the materials. To 
maximize the integration of the device components in 
very large scale integration (VLSI), it is necessary to in- 
crease the density of the components. This requires very 
strict tolerances in the etching and photolithographic pro- 
cesses. 

[0008] However, it is known that resist poisoning can occur dur- 
ing the photolithographic processes. One example of re- 
sist poisoning during the lithographic process is caused 
by amine-induced poisoning of chemically amplified re- 
sists created during the patterning step. This may be 
caused when low k dielectrics are used for the IMD and 
interlevel dielectric (ILD). In a more general example, dur- 
ing the photolithographic process, contaminants that are 



incompatible with the photo-reactive polymeric material 
can migrate into the photo resist layer from the deposited 
film on the wafer, itself. These contaminants then poison 
the photo resist layer, which may result in a non- 
uniformity of the reaction by extraneous chemical interac- 
tion with the polymeric material. The resist poisoning also 
may result in poor resist sidewall profiles, resist scum- 
ming and large CD variations. This leads to the formation 
of a photo resist footing or pinching, depending on 
whether a positive negative or photo resist, respectively, 
is used during the process. This may also lead to an im- 
perfect transfer of the photo resist pattern to the underly- 
ing layer or layers thus limiting the minimum spatial reso- 
lution of the IC. 

[0009] one known method to solving this problem is to run a to- 
tally free nitrogen or nitrogen containing molecule free 
process. Examples of nitrogen containing molecules in- 
clude N , NH , NO, NO , etc. However, all released FSG 
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films are known to require either N 2 0 (silane films) or N 2 
(TEOS) films. In addition, silicon nitride or silicon carbon 
nitride is commonly employed as a copper cap under the 
IMD due to its superior electromigration performance as 
compared to silicon carbide. Finally, even if totally nitro- 



gen free films are used, nitrogen from the ambient air, 

ARC/photoresist or nitrogen impurities contained in the 

deposition or etch gases can result in the presence of 

amines. 
Summary of Invention 

[0010] | n a fj rs t aspect of the invention, a method for reducing 

resist poisoning is provided. The method includes forming 
a first structure such as, for example, a trench or via in a 
dielectric on a substrate and reducing amine related con- 
taminants from the dielectric and the substrate created 
after the formation of the first structure. The method fur- 
ther includes forming a second structure in the dielectric. 

[001 1] | n another aspect of the invention, the first structure such 
as, for example, a trench or via in a dielectric on a sub- 
strate. A first organic film is formed on the substrate 
which is then heated and removed from the substrate. A 
second organic film is formed on the substrate and pat- 
terned to define a second structure in the dielectric. 

[0012] in yet another aspect of the invention, a method for re- 
ducing resist poisoning includes forming a first structure 
such as, for example, a trench or via in a dielectric on a 
substrate and performing DHF wet etch with an approxi- 
mate ratio of 100:1 on the dielectric. An anti-reflective 



coating (ARC) is formed on and then removed from the di- 
electric and the substrate. A second organic film is then 
formed on the substrate and patterning of the second or- 
ganic film is performed to define a second structure in the 
dielectric. 

[0013] | n s ti|| another aspect of the invention, the first structure 
is formed in a dielectric on a substrate. A wet etching is 
provided on the formed first structure at approximately 
3nm 100:1 ratio of DHF. An organic film is applied on the 
exposed portions of the first structure, the dielectric and 
the substrate. The applying step includes spin coating of 
the organic film on the exposed portions, baking the or- 
ganic film at approximately 100 degrees Celsius to 250 
degrees Celsius and removing the organic film by dry 
stripping or plasma etching. The structure thus formed is 
then capped and a second organic film is formed on the 
substrate and patterned to define a second structure in 
the dielectric. 

[0014] | n an aspect of the invention, the structure is embedded in 
the dielectric with a vertical dielectric adjacent to a vertical 
sidewall of the structure. The vertical dielectric is de- 
posited after the patterning and etching of a structure into 
the dielectric. The dielectric includes one of SiO , F-doped 



SiO , and CH -doped SiO . The vertical dielectric includes 
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one of Si0 2 , P-doped Si0 2 , F-doped Si0 2 , B-doped Si0 2 , 

and B- and P-doped SiCK 
Brief Description of Drawings 



[0015] Figures la through le represent a typical fabrication tech- 
nique for forming a layered structure using standard reac- 
tive ion etching (RIE) technique; 

[0016] Figure 2 represents a first aspect of the invention; 

[0017] Figures 3a through 3c represent another aspect of the in- 
vention; 

[0018] Figures 4a through 4d represent another aspect of the in- 
vention; 

[0019] Figures 5a through 5d show a trough lithographic process 
after contaminants are constrained, bound or capped in 
lower layers; 

[0020] Figure 6a is a representation of a top view of a device us- 
ing the methods of the invention; 

[0021] Figure 6b is a representation of a cross sectional side view 
of a device using methods of the invention; and 

[0022] Figure 7 shows an embodiment of the structure of the in- 
vention. 
Detailed Description 



[0023] This invention is directed to a semiconductor device and 
method of manufacture and, more particularly, to a semi- 
conductor device and method of manufacture which re- 
duces the occurrence of resist poisoning in the device. By 
reducing poisoning effects, the invention also significantly 
reduces photo resist footing or pinching, depending on 
the use of a positive negative or photo resist, respectively. 
The reduction of the poisoning allows for the fabrication 
of more densely packed integrated circuits (IC) with better 
resolution of interconnects and the like thereon. This, in 
turn, results in a superior performance of the IC. The for- 
mation of vias and troughs can be characterized as either 
a first structure or a second structure, depending on the 
architecture of the device. 

[0024] Figures la through le represent a typical fabrication tech- 
nique for forming a layered structure using standard reac- 
tive ion etching (RIE) technique. The RIE process should be 
well understood by those of ordinary skill in the art and is 
not discussed in great detail herein. In the schematics, a 
multilayer arrangement on a semiconductor substrate, 
which is typically a silicon substrate, is shown. The sub- 
strate may equally represent any type of film having 
known contaminants such as amines, for example. 



[0025] Figure la shows a target layer 12 such as an oxide layer 
deposited on the substrate 10. In one embodiment, the 
oxide layer is approximately 8000 A. Any known photo- 
resist or ARC/photo-resist 14 is then deposited on the 
oxide layer. Figure lb represents a photolithographic pro- 
cess performed on the photo-resist layer 14. In this rep- 
resentation, the photo-resist layer 14 is exposed to light 
through a mask 16 to form an image on the photo-resist 
layer 14. Once the exposure is complete, the exposed 
photo-resist layer 14 is developed in order to remove 
those portions of the exposed photo-resist. This is typi- 
cally performed by a wet develop process using, for ex- 
ample, TMAH, as known in the art. The resulting pattern is 
shown in Figure lc. 

[0026] a reactive ion etching is then performed on the target 

layer 12 in order to form a first structure such as a via 16, 
for example (Figure Id). The first structure may equally be 
a wire trough, in some applications. The remaining por- 
tions of the photo-resist layer 14 are then removed by, 
for example, dry strip techniques (Figure le) using, for 
example, O H , N , plasmas or damascene plasmas, all 
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known in the art. In one embodiment, the first structure 
(i.e., a via) is at a depth of about 7500A. It should be well 



understood by those of ordinary skill in the art, though, 
that other depths are also contemplated by the invention. 
At the end of this process, contaminants are known to be 
associated with the substrate 10 or target layer 12 basi- 
cally due to the etching process, to this stage. 
[0027] Figure 2 is representative of a first embodiment of the in- 
vention. In Figure 2, the structure of Figure le is sub- 
jected to a plasma wafer treatment. In one embodiment, 
the plasma wafer treatment is an N 2 0 plasma treatment 
performed at approximately 400 degrees Celsius. In one 
aspect, the N 2 0 will chemically tie up the contaminants 
such that the contaminants will not diffuse out from either 
the substrate layer 10 or the target layer 12, i.e., oxide 
layer. In another aspect, it is assumed that the N 2 0 passi- 
vates the exposed layer in order to bind, trap or consume 
the contaminants such that amine, for example, will not 
diffuse out from the exposed layers during subsequent 
etching processes. In either scenario, it is known that the 
plasma wafer treatment of the invention prevents poison- 
ing of the resist layer in subsequent processing steps. An 

alternative embodiment uses a N O, O or H plasma with 
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no deposition in order to achieve the same effect. The 

time for the N O, O or H plasma may be from one to 60 

2 2 2 K 7 



seconds, for example, alternative, the wafer may be baked 
for approximately 0.1 to 10 minutes at 400 degrees Cel- 
sius to partially outgas amines. 
[0028] Figures 3a through 3c represent another aspect of the in- 
vention. In Figure 3a, an optional wet etching of approxi- 
mately 30 seconds at 25 degrees Celsius, 100:1 ratio of 
DHF (dilute hydrofluoric acid) is performed on the device 
of Figure le. It should be recognized by those of ordinary 
skill in the art that other ratios, times or temperatures of 
the DHF may also be used in accordance with the princi- 
ples of the invention. In Figure 3b, an organic film such as 
an antireflective coating 18 (ARC) is applied to the device 
of Figure le, with or without the optional wet etching be- 
ing performed. In one aspect, the ARC is spin coated onto 
the entire exposed surfaces of the target layer 12 and the 
substrate 10. The ARC is then baked at approximately 100 
degrees Celsius to 250 degrees Celsius and more prefer- 
ably between 150 degrees Celsius to 220 degrees Celsius 
in order to diffuse the amine based contaminants into the 
ARC. The ARC is removed by dry stripping or plasma 
etching, similar to that described above with reference to 
the photo-resist layer 14. This latter step is shown in Fig- 
ure 3c. The ARC may be exposed to UV light. 



[0029] Figures 4a through 4d represent another aspect of the in- 
vention. Figures 4a through 4c are substantially identical 
to those steps shown and described with reference to Fig- 
ures 3a through 3c, and are not described again. Figure 
4d shows the deposition of a thin plasma cap 20. The cap 
20 can be deposited by any known method such as, for 
example, PECVD, HDPCVD, SACVD, APCVD and the like at 
a temperature ranging from 25 degrees Celsius to 500 
degrees Celsius, and preferably at 400 degrees Celsius. In 
one aspect, the oxide cap 20 is approximately 25 nm; 
however, other thicknesses are also contemplated for im- 
plementation by the invention. In one embodiment, prior 
to the deposition of the oxide cap, an annealing process is 
performed at about 400 degrees Celsius for about 60 sec- 
onds. In another embodiment, prior to the deposition of 
the oxide layer, a N 2 0 or plasma etch at an approxi- 
mate temperature of 400 degrees Celsius is performed. 
(These steps may be represented by Figure 4c.) The silicon 
dioxide cap will seal any of the remaining amine based 
contaminants in the layers 10 and 12. In the process de- 
scribed with reference to Figures 4a-dc, any amine based 
contaminants will not diffuse out during subsequent pro- 
cessing steps to contaminate the resulting device. 



[0030] Figures 5a through 5d show a typical trough lithographic 
process after the contaminants such as, for example, 
amine based contaminants, are constrained, bound or 
capped in the lower layers 10 and 12. This process will 
now provide a second structure such as channels or 
troughs in the target layer 12, but without any contami- 
nants from the resist or other device layers contaminating 
the device during this further processing stage. In another 
aspect, the second structure may be a via. In accordance 
with the invention, more accurate troughs can be 
achieved, increasing the density of the device in addition 
to its performance. 

[0031] | n particular, Figure 5a shows a known photo-resist 20 
deposited on the oxide layer 12. Figure 5b represents a 
photolithographic process performed on the photo-resist 
layer 20. In this representation, the photo-resist layer 20 
is exposed to light through a mask 22 to form channels or 
troughs in the photo-resist layer 20. Once the exposure is 
complete, the exposed photo-resist layer 20 is developed 
in order to remove those portions of the exposed photo- 
resist. The resulting pattern is shown in Figure 5c. A reac- 
tive ion etching is then performed on the target layer 12 
in order to form one or more channels 24, for example 



(Figure 5d). The remaining portions of the photo-resist 
layer 18 are then removed by, for example, dry strip tech- 
niques (Figure 5d) to form the channels "C'of the final de- 
vice structure. 

[0032] | t should be understood that the steps shown in Figure 2, 
Figures 3a through 3c or Figures 4a through 4d may be 
repeated if other structures are to be formed on any over- 
laying layers. Likewise, in any multilayered structure, the 
steps shown and described herein may be repeated to re- 
duce or eliminate contaminants during further processing. 
This is mainly due to the fact that more contaminants may 
have formed on or diffused into the layers, now shown, or 
additionally formed layers due to the use of additional re- 
sist layers and etching or other processing steps. 

[0033] Table 1, reproduced below, is representative of the ad- 
vantages achieved by the aspects of the invention, com- 
pared to conventional methods. The date in Table 1 and 
table 2 were generated using duel damascene wires and 
vias with 200nm minimum critical dimension. In Table 1, 
it is shown that a conventional method of fabrication 
yields approximately 15% non-defective devices (chips). In 
stark improvement, the use of the aspect of Figure 2 
shows a yield of 60% of non-defective devices (chips). Of 



even greater yield is the aspect of the invention of Figures 
3a through 3d which show a yield of 75% of non-defective 
devices (chips). The aspect of the invention of Figures 4a 
through 4d shows a yield of 90% of non-defective devices 
(chips). This improvement over the standard fabrication 
processes is attributable to the elimination of contami- 
nants during the fabrication processes. 

[0034] 

TABLE 1 



Process 


#lots 


% chips with greater 
than 0 resist poisoning 
defect yield 


Standard process 


6 


15% 


Added lithographic work 


24 


60% 


Added DHF clean and 
lithographic work 


38 


75% 


Added DHF clean + 
litho work +thin oxide 
cap 


50 


90% 



[0035] Table 2 represents the critical dimension (CD) or diameter 
of the via using either a 40 mj or 70 mj dose. As seen in 
Table 2, below, the standard fabrication process, at 40 mj, 
provides an approximate via size of 200 nm with 
"scummed" edges. That is, the edges of the via using the 
standard fabrication process has resist that does not 
completely clear out thus resulting in blurred edges. In 
stark contrast, the aspects of the invention result in vias 
with clearly defined edges. Additionally, the via are also 
larger due to the suppression of the poisoning. 



Process 


Via 40mJ dose 


Via cd 70 mJ dose 


Standaid 


Scummed approx. 
200nm 


360 nm 


400C oxygen plasma 


400 nm 




DHF + thin oxide cap 


400 nm 


500 nm 



[0037] | n one embodiment, the formation of the via on the target 
layer is a first structure and the formation of the trough is 
a second structure. The first and second structure, how- 
ever, can be switched, depending on the design of the de- 
vice. In one aspect, the dimension of the first structure is 
about 200 nm and the photolithographic exposure wave- 
length is about 248 nm. Of course, those of ordinary skill 
in the art will readily recognize that other dimensions and 
photographic minimums are also contemplated by the in- 
vention and that the above example is only one illustrative 
embodiment of the invention. 

[0038] Figure 6a shows a top view of an example of the device of 
the invention with both a first structure and a second 
structure. Figure 6b shows a cross sectional view of an 
example of the device of the invention. The views of Fig- 
ures 6a and 6b are taken in a scanning electron micro- 
scope of a dual damascene copper wire and via with resist 
poisoning. 

[0039] it is contemplated by the invention that the Si0 2 thin ox- 
ide cap can be a sacrificial film (i.e., it is removed during 



the post via RIE clean, trough RIE, post trough RIE clean, 
or other steps). Alternatively, the Si0 2 thin oxide cap can 
remain on the wafer post-metallization, as shown in Fig- 
ure 7, layer 7, for example. More particularly, Figure 7 
shows dual damascene wire 2 and via 3 contacting the 
previous metal level 4. The wire 2 and via 3 are embedded 
in dielectric 1 and the wire 4 is embedded in dielectric 6. 
An optional via RIE stop layer or copper diffusion barrier 5 
is deposited over dielectric layer 6 and wire 4. If the Si0 2 
thin oxide cap is not removed during processing, then it 
will remain on the wafer as shown by layer 7. 
[0040] | n an aspect of the invention, the structure is embedded in 
the dielectric with a vertical dielectric adjacent to a vertical 
sidewall of the structure. The vertical dielectric is de- 
posited after the patterning and etching of a structure into 
the dielectric. The dielectric includes one of Si0 2 , F-doped 
SiO , and CH -doped SiO . The vertical dielectric includes 
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one of Si0 2 , P-doped Si0 2> F-doped Si0 2 , B-doped Si0 2 , 
and B- and P-doped SiCK 
[0041] while the invention has been described in terms of em- 
bodiments, those skilled in the art will recognize that the 
invention can be practiced with modifications and in the 
spirit and scope of the appended claims. 



